hours, with or without aeration, on the ability of penicillin G to prevent the decomposition of stickwater at 140 F was determined. At room temperature, penicillin G was found to curb bacterial action for about 72 hours.
The addition of penicillin G at a level which would prevent bacterial decomposition of stickwater at high temperatures would increase the cost of condensed solubles by about 0.06 cents per pound.
ADDENDUM
Although the authors were primarily concerned with the decomposition of fish stickwater at temperatures of 140 F and higher, the extent and control of decomposition at somewhat lower temperatures was considered after submission of the above manuscript. Because the results obtained are striking and are of interest where treatment of stickwater by enzymes having temperature optima below 140 F may be considered, they are included here.
It is evident from table 6 that a drop in temperature of only 10 F (from 140 to 130 F) brings about a fourfold increase in the amount of solids lost from the fish stickwater stored for a 48-hour period. Losses of comparable magnitude are observed at temperatures down to 98.6 F. At these temperatures up to 40 per cent of the total solids can be converted to gaseous products and water over a 48-hour period. This loss can be either completely eliminated or reduced to negligible proportions by the addition of 1 ppm of penicillin G to the stickwater. REFERENCES BRODERSEN, R. 1947 Most of the world's supply of flor sherry is produced in a strictly limited area in and around Jerez de la Frontera in Southern Spain. The procedure for making flor sherry differs in two important aspects from that for California type sherry. First, it is not baked and secondly, during its development and aging a special wine yeast (flor yeast) forms a heavy film on the wine. This takes place in large barrels known as butts. The film is aerobic and usually covers the entire surface of the wine. It produces the rather pungent bouquet and flavor characteristic of Spanish flor sherries.
In the production of such sherries the butts are arranged in a series of four or more units and the series are multiplied to give a solera which may contain a hundred or more butts. A portion of fully aged sherry is drawn off from the last butt in each series periodically, normally twice a year, the amount removed at each withdrawal usually being about one-fourth of the contents. It is replaced by wine drawn from the preceding butt and this in turn is replenished from the one preceding it and so on to the first cask which is replenished with new wine. The aged wine is, according to most accounts, never less than six years old and as the solera is maintained for many years, part of the wine is very old.
The solera process as conducted in Spain, therefore, is slow, laborious and costly. The present investigation was undertaken to determine whether growth of the flor film and its activity could be increased by the addition of one or more growth-promoting substances. (The commercial production of flor sherries has been described by de Castella, 1926; Gonzales-Gordon, 1935; Domecq, 1940; Bobadilla, 1943; and Cruess, 1948, and others.) Flor yeasts closely resemble the wine yeasts used in the production of table wines and dessert -wines, except that they have the ability to grow as a film on wine of suitable alcohol content. The morphology and cultural characteristics of flor yeasts are described by Cruess (1948) and Hohl and Cruess (1939) . In the present FACTORS AFFECTING GROWTH OF FLOR YEAST investigation, yeasts # 4 and # 5, as described by Hohl and Cruess (1939) , were used.
The literature reports very little data on the nutrition of flor yeasts, although a great deal is to be found on the nutritive requirements of Saccharomyces cerevisiae, a group of yeasts closely related to flor yeast. V. Frasinetti (unpublished data) found that some wines are not favorable to film production, but observed that the addition of diammonium phosphate, asparagin, or yeast autolysate stimulated film formation. Addition of a small amount of grape concentrate increased film formation, but dextrose, thiamine or riboflavin had very little effect. Joslyn and Amerine (1941) , state that Allen and Chafey were unable to find any stimulating effect of ammonium phosphate on growth of flor yeast film on Australian wvines. Fornachon (1953) in Australia has reported that flor yeast can utilize other sources of carbon in addition to ethyl alcohol. In artificial media, he found that glycerol, lactate, glucose, and fructose were satisfactory carbon sources, and that acetic, tartaric, malic and citric acids were less satisfactory. Neilsen (1952) , using synthetic media, found that yeast extract supplied the necessary compounds for flor film growth. Of the specific components of yeast extract, she found that riboflavin, p-aminobenzoic acid, choline, folic acid, and pyridoxine were not required. Thiamine, pantothenic acid, inositol and biotin were utilized, although pantothenic acid and biotin were not essential. She found that addition of asparagin was advisable. Fornachon (1953) , found that all Australian wines used in his studies contained adequate amounts of the mineral constituents required by flor yeast.
EXPERIMENTAL METHODS
White dry wines less than two years old which had not received any yeast food such as ammonium phosphate or urea were brought to 14.6 per cent alcohol by fortification with pure 95 per cent alcohol. This alcohol content was chosen because acetification may occur if the alcoholic content is much below 14.5 per cent by volume, and film growth may be slow if the alcoholic content is much above 14.5 per cent by volume. The SO2 content was adjusted to 125 ppm by addition of NaHSO3. This level of SO2 prevents development of used in all experiments. However, in any given experiment the same wine was used for control and for the treated sample.
In some experiments aldehyde was determined, the method of Jaulmes and Espezel as modified by Fornachon (1953) being used.
Four-ounce grape juice bottles were used as containers for the cultures. They were plugged with cotton and sterilized by dry heat in the usual manner. The untreated and the treated wines were pasteurized at 150 F in crown-capped pint bottles, and after cooling, 50-ml portions were transferred aseptically to the sterile 4-oz bottles.
All experiments were made in duplicate; two bottles contained wine to which the growth factor was added and two were untreated checks. The incubation period was usually 69 to 72 days in a well-ventilated incubator at an average temperature of 22 C. During this period, five determinations were made of weight of yeast produced in the treated and untreated samples. The entire contents of the bottle was used for a determination. Thus 20 bottles of wine were used in each experiment, 10 treated and 10 witnesses. Additional bottles of culture were made up for microscopical examination, especially for evidence of bacterial contamination.
Each bottle of wine was inoculated with two loopfuls of active film from a pure culture of Sherry yeast #4 or # 5 ( also designated in the University's collection as Jerez Yeasts #4 and # 5). They were found to give almost identical yields of crop.
After inoculation and placing in the incubator, the bottles were not moved or disturbed in any way until weighings of the films were to be made. The film is rather fragile and if disturbed is apt to break and sink to the bottom of the container.
The crop of yeast in each bottle was determined by filtering the samples on a weighed, thoroughly dried Gooch crucible; washing the deposit thoroughly; and drying to constant weight in vacuo at 70 C.
RESULTS AND DIscussION Table 1 shows a typical record of the yeast crop increase with time, and also the effect of added yeast extract. Forty-seven experiments were conducted on the effect of various substances oIn the flor yeast growth. Space limitation makes it impossible to present all of the data in detailed form. Table 2 is a compilation of those substances which had a significant effect on the growth of the flor yeast, and table 3 shows the inactive substances. Table 4 gives the data on the effect of added (NH4)2SO4 on the composition of the wine at the end of the incubation period.
Potassium phosphate. Wine is well supplied with potassium in the form of bitartrate but is not very rich in phosphorus; hence, an experiment was conducted to ascertain whether additional phosphorus as phosphate would stimulate film production. Addition of 0.25 g of KH2PO4 or of 0.5 g K2HP04 per 100 ml of wine failed to cause a significant increase in weight of the film of Jerez yeast # 4.
Ammonium phosphate. In this experiment 0.5 g of NH4H2PO4 per 100 ml of *vine was added to one set of cultures of Jerez yeast # 4 and none to the check series. In a second experiment (NH4)2HP04 was added. Both markedly stimulated film production.
Evidently, inorganic nitrogen increases the weight of film produced very appreciably. The preceding experiment had showed that phosphate was without effect.
Peptone. Because NH4 stimulated film production so definitely, 0.5 g Difco peptone per 100 ml was used.
The peptone greatly increased film growvth. As peptone is a good source of amino acids and minerals, it is possible that the observed increased rate of growth was not entirely due to peptone nitrogen.
The film on the peptone treated wine became smooth toward the end of the incubation period, a condition that Fornachon (1953) reports as less desirable than a wrinkled film, insofar as production of characteristic flor wine flavor and bouquet are concerned.
Amino acids. Six aliphatic and seven aromatic (benzene ring) amino acids were compared in respect to their effect on growth of flor yeast film.
Glycine, aspartic acid, and glutamic acid greatly increased film production, whereas phenylalanine and tyrosine increased it slightly or moderately. For example, at the end of the incubation period of 70 to 72 days, glycine increased the crop 2.30 times; aspartic acid 2.14 times; and glutamic acid, 2.4 times that of the check.
Beta alanine, cysteine, and methionine apparently slightly or moderately retarded film production. The sulfhydryl group of cysteine may have been responsible for its inhibitive effect, but the effect was slight.
Para aminobenzoic acid moderately retarded film growth, possibly because of the benzoic acid portion of this compound.
Urea. In the production of table wvines, urea is occasionally added to new California wines or juice in which the fermentation has become sluggish.
Two amounts of urea were compared, 0.5 g and 0.20 g per 100 ml. The use of 0.20 g of urea was almost as effective as 0.50 g per 100 ml in increasing crop yield. The urea produced slightly better growth than did diammonium phosphate or peptone and evidently is a very good source of nitrogen for flor yeast film.
Asparagine. The addition of 0.2 g of asparagine per 100 ml of wine more than doubled the crop of flor yeast and 0.5 g nearly trebled it. It appeared to be as effective as urea as a source of N for flor yeast.
Yeast extract. Difco "Bacto-Yeast Autolysate" was added at the rate of 0.5 and 1.0 g per 100 ml of wine inoculated with Jerez yeast #4. It had a greater positive effect on flor film production than any other additive used in our experiments. Probably its effect is not due entirely to its value as a source of nitrogen; it is likely that other compounds are also concerned.
Ammonium sulfate plus peptone. In this experiment 0.25 g of (NH4)2SO4 and 0.5 g of peptone were added together per 100 ml of wine. This combination nearly doubled the crop yet was not as effective as 0.5 g peptone alone or urea plus asparagine.
Urea plus asparagine. Urea 0.5 g and asparagine 0.5 g per 100 ml were compared in this case. The crop was more than trebled by this combination.
Ammonium sulfate, peptone, asparagine and urea. In this experiment 0.5 g per 100 mg was added of each of these substances. The crop was increased about 2.6 times. While this result proves that this combination is a good source of nitrogen for flor yeast it was not quite as effective as urea and asparagine in combinatioil.
Ascorbic acid. Ascorbic acid was added at two levels, 0.1 and 0.2 g per 100 ml. Growth of the film of Jerez yeast #4 was markedly inhibited at 0.1 g of ascorbic acid per 100 ml and even more at 0.2 g.
It is probable that the strong reducing property of ascorbic acid accounts for its inhibitive effect on flor film growvth since the latter is strongly oxidative. During the experiment the added ascorbic acid rapidly decreased in amount; in one case 84 per cent of that added had disappeared by the 16th day of incubation. Evidenitly the flor film oxidized it, as it does other organic acids such as acetic and tartaric.
Thiamine hydrochloride. Thiamine, vitamin B1, was added as the hydrochloride at 10 mg per 100 ml of wine in one experiment and 50 mg in the second. In both cases it was practically without effect on growth of flor film.
Riboflavin. Riboflavin added in the very moderate amount of 0.25 mg per 100 ml of wine definitely retarded growth of the flor film of Jerez yeast # 5. The film on the treated wine was yellowish-brown in color and of unhealthy appearance generally. It dropped to the bottom of the culture at 50 days incubation, whereas the control film was still normal in appearance and remained on the surface.
Like all other experiments this one was made in duplicate and the values given in the table are averages for duplicate cultures. Why riboflavin should inhibit film production is difficult to explain. Inositol. Although others have shown that inositol is required by most yeasts, evidently the wines used in our experiments contained an adequate amount for flor film growth. The addition of 10 and 100 mg of inositol per 100 ml. did not affect film production appreciably.
Biotin. Peterson and associates (1944) have found that biotin in even minute amounts stimulates the growth of cells of the fermentative stage of Saccharomyces cerevisiae. However, addition of an amount that they had found definitely stimulating to S. cerevisiae, namely, 7 jig per 100 ml, failed to affect the growth of flor film by Jerez yeast # 5.
Folic acid. Although it is of powerful biochemical effect in blood regeneration, folic acid appeared to exert little or no positive effect on flor yeast film growth.
At the end of 72 days incubation the untreated culture had produced 216 mg of yeast and the treated 222 mg. Nucleic acid derivatives. The literature contains some intimation that derivatives of nucleic acids stimulate the activity of certain strains of yeast (Joslyn, 1951; Mitchell and Williams, 1940) . However, in our experiments, xanthine, guanine, uracil, and adenine appeared to have no or very little stimulative effect on flor film growth. All are only slightly soluble in water or wine, a fact that may have accounted in part for the observed rather negative results.
Gypsum or CaSO4. In Spain, gypsum is added to the fresh must (grape juice) to reduce the pH value by the reaction: CaSO4 + 2KH(C4H406) = Ca(C4H406) + K2SO4 + H2(C4H406) The lowering of the pH tends to hold lactic acid bacteria in check and improves the taste. Also, the calcium sulfate appears to aid in clearing of the wine and imparts a slight bitterness. When added to wvine, however, it reduces the pH value only slightly because much of the cream of tartar [KH(C4H406)] crystallizes out of the wvine during and after fermentation.
In the experiments, CaSO4 was added to the wine at 0.5 and at 1.0 g per 100 ml. Because of the voluminous sediment of CaSO4 and Ca(C4H406) it was not possible to obtain accurate determinations of weight of the film yeast. However, the films on the treated and untreated wines were very much alike in appearance and in apparent amount of film growth. It was evident, at least, that the CaSO4 did not visibly diminish film production.
Other substances. Sucrose, dextrose, and invert sugar added at the rate of 0.5 g per 100 ml did not affect film production; the rates and amounts of yeast produced being approximately equal in the untreated and the treated wvines.
The additioni of 0.5 g K2SO4 did not alter film production; but 0.5 g of Na2SO4 inhibited it slightly, due perhaps to the inhibitive effect of the sodium ion.
Ferrous ammonium sulfate practically prevented film formation. Glycerol, 1 g per 100 ml, had almost no effect on the rate of film formation and on weight of yeast produced per 100 ml.
Effect of (NH4)2SO4 on composition. In this experiment, 0.25 g of (NH4)2SO4 per 100 ml of wine was added and the wines were analyzed at intervals during 44 (Cruess, 1948, and Fornachon, 1953) . In small cultures the condition is strongly oxidative and probably accounits for the decrease in aldehyde in this experiment.
The total acidity increased in the (NH4)2SO4 treated wine, because as the NH4 was utilized by the yeast H2SO4 or KHSO4 was formed. In the untreated wvine total acidity decreased somewhat due to oxidation by the flor film.
Effect of flor film on aldehyde, volatile acid and ester content. In another investigation (Cruess 1948) , it was found that in most experiments the flor film caused considerable increase in aldehyde content of the inoculated wvine. For example, in a wine of an initial aldehyde content of 11 ppm, it increased to 41.5 ppm with Jerez yeast H-1 and to 153 ppm with Jerez yeast # 5. Several gallons of wine were used in each case. In very small cultures such as were used in the present investigation, only slight increase was observed; or a decrease may occur if the initial aldehyde content is appreciable.
Ester content increased slightly, in experiments reported by Cruess (1948) , attaining a range of 18.5 to 28.2 ppm. No data were obtained on the effect of the film on amyl alcohol content.
Volatile acid (acetic chiefly) of the wine is rapidly oxidized by the flor yeast film. In one experiment reported by Cruess (1948) with eight flor film yeasts, the initial volatile acid content of 0.191 g per 100 ml of the wine was reduced to 0.009 to 0.03 g per 100 ml in 6 weeks at room temperature. Similar results were obtained in winery scale experiments.
SUMMARY
The increase in weight of flor sherry yeast formed on the surface of 50-ml aliquots of wine containing added growth-promoting agents and/or nutrients in comparison with that of the same yeast grown on the untreated wine was determined.
Substances that exerted a positive effect were in order of decreasing effect as follows: yeast extract, asparagine, urea, glutamic acid, glycine, peptone, (NH4)2HP04, aspartic acid, NH4H2PO4 and (NH4)2SO4. Substances that appeared to have little or no effect were: KH2PO4, thiamine, K2SO4, inositol, biotin, paminobenzoic acid, folic acid, xanthine, guanine, uracil, adenine, potassium citrate, CaSO4, K2HPO4, invert sugar, dextrose, sucrose, d and 1 phenylalanine, tyrosine and glycerol.
Those that exerted a noticeable inhibitory effect were ferrous ammonium sulfate, ascorbic acid, beta alanine, riboflavin, Na2SO4, and cysteine.
Although yeast extract caused the greatest increase in flor yeast crop, its use would not be advisable in commercial practice because of its marked flavor. Probably urea or ammonium phosphate, however, would be practicable for this purpose, since they are inexpensive, do not affect the flavor of the vine, and proved to be excellent sources of nitrogen for flor yeast.
